Thermodynamic analyses of the catalytic pathway of F1-ATPase from Escherichia coli. Implications regarding the nature of energy coupling by F1-ATPases.
Thermodynamic properties of 12 different F1-ATPase enzymes were analyzed in order to gain insights into the catalytic mechanism and the nature of energy coupling to delta mu H+. The enzymes were normal soluble Escherichia coli F1, a group of nine beta-subunit mutant soluble E. coli F1 enzymes (G142S, K155Q, K155E, E181Q, E192Q, M209I, D242N, D242V, R246C), and both soluble and membrane-bound bovine heart mitochondrial F1. Unisite activity was studied by use of Gibbs free energy diagrams, difference energy diagrams, and derivation of linear free energy relationships. This allowed construction of binding energy diagrams for both the unisite ATP hydrolysis and ATP synthesis reaction pathways, which were in agreement. The binding energy diagrams showed that the step of Pi binding is a major energy-requiring step in ATP synthesis, as is the step of ATP release. It is suggested that there are two major catalytic enzyme conformations, and ATP- and an ADP-binding conformation. The effects of the mutations on the rate-limiting steps of multisite as compared to unisite activity were correlated, suggesting a direct link between the rate-limiting steps of the two types of activity. Multisite activity was analyzed by Arrhenius plots and by study of relative promotion from unisite to multisite rate. Changes in binding energy due to mutation were seen to have direct effects on multisite catalysis. From all the data, a model is derived to describe the mechanism of ATP synthesis. ATP hydrolysis, and energy coupling to delta mu H+ in F1F0-ATPases.